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SUMMARY

An investigation was de in the 7- bu IiI-foot wind
tunnel and k the variable-density wind” iun~el oj th
N. A. C. A. %?019 airfoil m“th IXIti slotted-jap ar-
rangements. The purpose of the inwstigatio-n in the 7-
@ 10+oi wind tunnel ws to determine the airfoil wction
aerodynamic characteristics a8 a$ected by @p 8hape, 810t
8hape, and Jap location. T7M$ap position for maximum
lift; polam jor arrangements consideredjavorabh for take-
o~ and climb; and complete lijt, drag, and pitching-
momtmt characteristics jor selected optimum arrange-
ments were determined. The best arrangement was
tested in the vam”able-densitytunnel at an e~ectise Rey-
nold8 Number oj 8,000,#0. In addition, datajrom both
wind tunnek are included for plain, split, externaLair-
foil, and Fouier Jlap8for purpose8 oj comparison.

The optimum arrangement of th4 810tted jhzp waa
superior to the plain, the split, and the externakirjoil
types Oj @p on the bimis of maximum lift mej%ient,
low drag at moderate and high lift coej%ients, and high
drag at high lift coej%ients. The increment oj mazimwn
lift due to the 8btted &p waa jound to be Pradicafiy
%?epsndmt of the Reynok18 Number OUSTtlw range
inwstigaied. % 8htted @p, however, gave 8@htly
lower maximum lift coej%nkrdsthmz the Fowkr $ap. It
U.W8jound that slot openings in th airfoil surface at the
@p caused a meimurable increase in drag of tb airfoil
for the conditirn of high-speed jlight even ~ the slot was
~moothly sealed on ihe upper eurjace and there wax no
jaw through & sld. It UMSako found that, in order
to obtain the highest lift coejkients, the nose of the @p
should be located slightly ahead of and below a slot lip
that directs the air downward over the @p. T?ie nose
of the $ap 8h0uld have a good aerodynamic form and th
slot entry should hme an say shape to obtain low drags
at moderate lift coejicient8.

INTRODUCTION

Most presentday airplanes, because of their high
wing loadings and cleanness of aerodynamic design,
employ some form of lift-increasing and drag-increasing
device to assist in hmding them in a field of restricted
size. Also, increases in lift without increases in drag
appear desirable in the take-off and in the drnbing
conditions of flight,

The foregoing considerations indicate that the most
desirable form of high-lift dwke is one capable of
providing high lift with relatively low drag, and rdso
probably high lift with high drag. some other dwkble
mrodymunic features me: no increase in drag with the
flap neutral; smti changes in wing pitching moment
with flap deflection; low forces required to operate the
flap; and freedom ikom poesible hazard due ta icing.

Some form of sIotted flap was believed to be the most
promising for the conditions noted. Various formg of
sIotted flap include the extermhirfoil (references 1
and 2), the Fowler (references 3 and 4), and the HandIey
Page types (references 5, 6, 7, 8, and 9).

The present investigation was made in two main
parts. The teets reported in part I were made in the 7-
by 10-foot tunnel of slotted flaps somewhat similar to
the Efandley Page @e. FIaps of three difkrent sec-
tions and with several different slot shapes were tested.
%.rveys were made of flap location to obtain the best
wrodynamic characteristics for each arrangement, In
~ddition, a pkin flap, a split flap, an exknal-airfoil
flap, and a Fowler flap wwe included for purposes of
3ompmkon.

Part II reports tests made in the variabh+density
knnel of the best slotted fIap arrangement (2-h) ck-
mIoped in part I, ta determine the effects at high Rey-
~okle Numbers. k addition, slotted flap 2-h was
:+&ed in combination with a 60-pement-ohorcl plain
lap to see whether, as in previous unpublished tests of
he plain flap alone, rounded lift-curve peaks could be
)btained.

The tests reported in part II were made by the vm-
abk-density-tunnel stafl and the material presented as
yu-t II was prepared for publication by Harry Green-
>erg and h’eal Tetemin.

I. TESTS IN 7- W 1O-FOOT WIND TUNNEL

APPARATUS AND TESTS

THEhlOD~ ~-BY18-FOOTlWKDT~EL

Before the pr~ent investigation was started, the 7-
~y 10-foot open-jet wind tunnel (reference 10) had been
noditled, mainly by the addition of a closed test
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section and a new entrrmce cone. (See fig.. l.). .With
these changes, the static pressure is practically constant
aIong the axis of the test section and the noise during
tunnel operation is fairly low. In addition, by making
the top and the bottom of the twt section parallel, an
arrangement is obtained whereby two-dimensional-flow
tests can conveniently be made of large-chard models
completely spanning the jet in a vertical pkme. The use
of such an installation permite &large rritk” of chord of
model to height of jet together with small wind-tunnel
corrections (references 11 and 12) so that the range of
Reynolds Numbers of the tests for obtaining airfoiI

r“

—

J. A

tween the model and the turmeI walls is indicated by
the flashing of neon lamps connected in an ekctrical
circuit including the walls of the test section and thin
metal plates fastmed to each end of the model.

The standard force-test tripod used with the pro-
vioue open-jet wind tunnel (reference 10) to support
horizonttiy the smaller finite-aspect-ratio models has
been replaced by a single crwddever streamline strut.
The opening in the floor of the closed test section
through which the strut passes is made airtight by a
mercury seal. The existing scales me used with both
types of test; however, in the case of the twodimen-

-!

.

section data in a given wind
increased.

s I Ill \“

I 1A A At I .lL 1[ JI

A,entrmea me. E, honeyoomb. H, pmpall.er.
S, exit ome. F, bale.norand model- 1, motor, 2WIhp.
C, return passaga. aupportlngatmt. J, statlo platen.
D, gufdevanes. G, modeL K, antfawirlV8JMS.

FIGUEEl.—Dfagmmofttta7-by lo-fretwind trmnalwith ekasd tart sacttm.

tumd can be coneiderably

The wind-tunnel balance has been slightiy modified
by installing tubular supports on the top and the bottom
of the balance frame surrounding the teat section so that
the model can be heId vertical. The tubular supports
extend through circular holes in the closed test section
ta sockets with clamps in the ends of the model; they
can be rotated with a motor drive by gears and shafting
to change the angle of attack from outside the wind
tunnel. A clearance of about ~~ inch is allowed
between the ends of the model and the top and the
bottom of the test section (fig, 2). by contact be-

T
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sional-flow tests, lift is measured on the cross-wind
scale and pitcl&g moment on the yawing-moment
scale. (See reference 10 for arrangement of scales.)

Sphere tests have been made b obtain an indication
of the turbulence premnt in the air stream of the closed
test section. The turbulence was found to have
changed slightly from thatof the open-jet wind tunnel,
so that the turbulence factor (reference 13) has been
increased from a value of 1.4 to 1,6. The dynamic
pressure of the air stream at the working section in
either horizontal or vertical planes is constant within
+0.5 percent, and the air stream is parallel to the
axea of the test section within + 0.5°.
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MODEM

~ PIain airfoil.-The basic modeI, or plain airfoil,
(fig. 3) waa built of laminated pine to the N. A. C. A.
23012 section (table I) and has a chord of 3 feet and a
span of 7 feet. The trailing-edge portion of this airfoiI
was made eedy removable so that the modeI can be
quickly altered for testing different flap arrangements.

hbrizondsec ~ion

YerfiA71section

FIGUBEZ—klOdelinst.sktion for tWO-dblltiOOO.kflOWt&s fn the 7- by IC-fOOt
wind tonnd .

Split flap.-A aimple split flap with a chord 20 per-
cent of the airfoil chord (fig. 3) was used in conjunction
with the plain airfoil, This flap is of plywoodj ~ inch
thick, and is fastened to the model by screws. The
flap angles (0° to 75°) are set by wooden blocks cut to
the desired angles and placed between the flap and
the tiOg.

Plain fLap.-The phin flap (fig. 3} also has a chord
20 percent of the airfoil chord and is mounted on a
removable section, which replaces that of the plain
airfoil. Fittings supporting the wooden flap are of
thin steal and are equipped with ball-bearing Mng- so
that the hinge moments of the flap can be measured.
The flap angles (38° up to 75° down) are set by a push
rod and bell cranks, so arranged that the settings can
be changed from outside the wind tunnel. The gap
between the flap and the airfoiI is sealed top and
bottom by thin metal plates.

Remo verb/e
;’porfion

.—-— .—. — . .—. — .

? ,=35...==3

Plain airfoil. 9

;R= .026c

Plain flap. .20C :,,’
/

w .“
C,- .2667;.

FIGUREa.-sec.tions of the pInLnN. A. Cl.A. 23312afrfofland of the airfoilwltb
difterenttgpeaofflap.

External-airfoil flap ,—The external-airfoiI flap, avail-
able from another investigation, ma used without
ahration although it was somewhat hug= than de- “’““--
sired, having a chord 26.67 percent of the airfoil chord”

-.

(fig. 3). The flap has the N. A. C. A. 23012 section
and was located with respect to the main airfoil in “”
accordance @th the results of refer~ce 2. The flap
is supported on the main airfoil by thin metal fittings
arranged so that the flap angle can be set 3° up to
60° down.
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Fowler flap,-The externahirfofl flap was also used
aa a Fowler ffap (26.67 percent of the main airfoil
chord) after modification of the main airfoiI (@. 3).
No actuaI data were available showing the best location
of a Fowler flap of N. A.C.A.23012 profile with a
main airfoiI of the same protie; however, the flap was
located on the basis of tests of extermd-airfoil Haps
of N. A. C. A. 23012 profle (reference 2) and of tests
of Fowksr flaps of Clark Y profile (reference 4). The
flap is supported on the main airfoil by thin metal
fittings so that the flap can be set from 0° to 60° down
when completely extended. The main airfoil is ar-

m“”’
~ “ ‘“8000’=.--:..—.—. -—. . ~—.”/
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FIO~ 4.-Ssctlons ofslrfoffwith srmngomentsofslotted flsp 1.

ranged so that the N. A. C. A. 23012 Fowler flap may
be almost completely retracted for the flap-neutral
condition. (See fig. 3.)

S1otted flap 1.—The three slottid flaps tested are
designated by numbers and the sIot shapes by appended
letters, Slotted flap 1 (fig. 4), which is representative
of recant Handley Page practice, was hilt according
to dimensions taken from reference 8. The ordinates
for this flap are given in tab~e II. ‘The sIot variations
used with flap I are shown in figure 4 and in table 1.
Shape a is ako representative of recent Handley Page
practice and was built according to dimensions taken
from reference 8. Shape b is the same as shape a
except for an increase in the length of the slot lip to
close the eIot .on the upper surface of the airfoil with
the flap neutraI. Shape c is an intermediate step
toward cloaing the sloton the low& surface, and shape
e has the slot sealed aII the way through the airfoil

when the flap is. neutral. Shape e was further modi-
fied by diilerent roundings of the slot entry. TIM slot
entry with the 0.02c radius is designated es and the ono
with the O.O4cradius, 04.

Two methods of hinging flap 1 were employed. The
tit method was to hinge it about a single predeter-
mined axis location obtained from reference 8 for oom-

’89c ‘-”:R=.~/tC
r .’— .
+

=.% ,

FIOURXK.-swtlons ofslrfoll with srmngomentsofslotted flap2.

&riscm with recent Handley Page practice. The
second method was to mount the flap on tho main air-
foil by special fittings that allowed the flap to be
located at any point over a considerable area with
respect to the main airfoiI,

Slotted flap 2.—It was believed that a good airfoil
section would probably make the best flap shape, espe-
cially from considerations of drag at low flap deflcctione,
The front portion of slotted flap 2 was therefore mado
to the N. A. C. A. 6318 airfoil section back ta the maxi-

~.
c

.8f70c
1

3-g
.-R”=.0486c

E====E3 ““ ““”
1’

,— --=.
“c

~ltlurt~6.-SwtfonSOf 8hfOilw[th a~smlmts OfSfottsdfkp 8.

mum thickness and was faired into the contour of the
main airfoil over the rest of its length. Tho arrange-
ments of slotted ffap 2 and the slot variations used in
~onjunction with it are shown in figure 5 mid in tables
[ and H. Slot shape h is the same as shape a except
hhat the lip is made long enough to seal the slot on tho
upper surface of the airfoil with the flap ne@aI. Slot
&ape i (table I) is sealed all the way through the wing
with the flap neutral except for the radius at the slot
retry. Flap 2 was hinged in a manner similar to th~
~econd method for flap 1.
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810tted flap 3.-Slotted flap 3 has an arbitrary shape
with a very blunt nose (fig, 6). Slot shape f is the same
m slot shape e except for the longer lip to seal the slot
on the upper surfaces of the airfoil w-hen the flap is
neutral. The ordinates for this slot shape are given in
table I. Slot shape g (fig. 6) is designed to give a good
expanding slot shape for flap deflections up to 50° with
the flap hinged at a point on the lower surface of the
flap 20 percent of the airfoiI chord from the trailing
edge. The same main fittings were used on the airfoil
to support this flap as for flaps 1 and 2; they allow the
flap ta be located at any point over a comiderable area
with respect to the main airfoil.

GENlXL4LTESTCONDITIONS

The two-dhnensiomd-flow installation in the 7- by
10-foot closed-throat wind. tunnel was used for the
tests. (See fig. 2.) The regdar aix-camponent bahmce
(reference 10) was used to measure the lift, the ~ and
the pitching moment of the model. The hinge mo-
ments were measured with a speckd torque-rod bakmce.

A dynamic pressure of 16.37 pounds per square foot
was maintained for aII of the kk except those of the
external-airfoil and the Fowler flaps. This dynamic
pressure corr~ponds to a veIocity of about 80 miles per
hour under standard atmospheric conditions and to an
average test Re~olds Number of 2,190,000. Because
of the turbulence in the tunnel, the effective Reynolds
Number R. of the teats was approximately 3,500,000.
The modeIs with the external-airfoil and the Fowler
flaps were tested at a dynamic pressure corrwponding
to a velocity of 63.2 miles per hour under standard
atmospheric conditions. With this veIocity, the twt
Reynolds Numbers -were sIso 2,190,000 for the tests
with the external-airfoil flap and with the Fowler flap
fully extended, based on the sum of the chords of the
main wing and the flap. In addition, tests were made
of the wing with the Fowler flap fully retracted at both
80 and 63.2 miles per hour.

Testa were first made of the plain airfoil and of the
airfoil with split, phin, external-airfoil, and Fowler
flaps through a complete range of flap deflections and
angles of attack for comparison with other tests and
also for comparison with the slotted flaps of the prwent
investigation. As an examplo of one of the recentiy
used Handley Page sIotted flaps (reference 8), a few
tests were made of one slotted flap hinged about a pre-
determined axis location. The greater part of the
investigation, however, consisted of surveys to deter-
mine the optimum flap positions and deflections for
maximum Iift and climb. Sticient angles of attack
at each flap deflection were taken to determine envelope
polars over the complete lift range from zero to maxi-
mum lift. Data were obtained at 2° increments of ang~e
of attack and at 10° increments of flap deflection for
each flap location. Lift, drag, and pitching moments
were measured for all positions of the flaps over the

angle-of-attack range tested. Hinge moments of the
plain flap and of one slotted-flap arrangement were also
measured.

RESULTS AND DIS~USSION

coEFFIcmNTs

All test results are given in standard section nondi-
rectional coefficient form as follows:

cl, section Lift coefficient (1/qc).
c~O,section profile-drag coefficient (dJgc).

cm(d.,.lO,section pitching-moment ccefEcient about

aerodynamic center of section with flap in
neutral position (m(=.u.lO/@).

chfl section @e-mom~t ~efficient of flap

(h/gcf).
where

1 is section lift.
dO,section profle drag.

mta.c.)oj section pitching moment,
h, section hinge moment of flap about a speci-

fied axis.
g, dynamic pressure (j4PV).
c, airfoil chord including flap; for models with _

external-airfoil and Fowler flaps, c is the
sum of the chords of the main airfoil and
the flap (cw+cr).

Cf, flap chord.
and

~ is the angle of attack for inllnite aspect ratio.
6~,flap ddlection.

._L,.
.-. ..——

PRECISION

Accuracy of tests,—Frcm repeat tests the accidental
experimental errors in the resuhs presented in. this
report are believed to lie within the limits indicated in
the following table:

m------------ *0.5° ~~(,,-lal------- *O. 0006
cam=__________ +0. 03

Cdo(ct=2s)------- +0. 002
cm~LL)o-------_ +0” 003 fi,------------- +0. 2°
C%

(.s1-0)-------- *O. 0003 tiap position--- +0. 001c

The proilbdrag coefficient c% of the Wofl-flap

combinations has not been corre;ted for the effect of
the flap-hinge fittings. From tests of the airfoil with
various flaps neutrtd and hinge fittings in place, but
with all openings in the airfoil surface sealed, it was
found that the drag increment -was consistently about
0.001. No tests were retie to determine the hinge-
fitting drag with the flaps deflected because of the large
number of additional tests required. The relative
merits of the various fip arrangements should not be ..- —
appreciably affected by hinge-fitting drag sinca the
same hinge fittings were used for all the tests.

With a few of the slotted-ilap arrangements, two sets
of data ccqld be obtained, an indication of two types
of air flow. For these cases, the data for the more
stable of the two flow conditions were used.
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Wind-tunnel corrections.-Certain theoretical cor-
rections have been derived for the elfect of tunmi WRIIS
on the lift of a fiat plate completely spanning the jet
at an angle of attack (references 11 and 12). An
attempt was made to check these correction experi-
mentally for an airfoil in the two-dimensioned-flow
installation and, at the same time, to examine the effect
of tmud walls on the drag and the pitching moment.
This experimental investigation showed the correction
for lift to be about 1 percent greater than the theoreti-
cally derived correction for ratios of modeI chord to jet
height up to 0.4. The experimentally determined cor-
rection haa been used to correct all the lift data pre-
sented in this report. The maximum lift coefficients

.048

8.040
W
.8
.a
k
~ .032

-5 Secirnn lifttiaeffickn~c, “““ ‘

FIGURE7.–Seot&n nercdgnmnicohemmterlstksof N. A Cl.L %X2 pkln airfotl.

given me about 10 percent higher than those given by
a rectangular airfoil of aspect ratio 7 but are probably
the same as would be obtained with m airfoil designed
to give elliptical lift distribution, This excess of lift
was checked by testing the same model (12 inches
chord by 84 inches span) in the two-dimensional-flow
installation and on the regular three-dimensional-flow
set-up, The remdts agree very closely with the results
of pressure-distribution tasts and with theoretical con-
siderations of the span loading on rectangular wings,
(See reference 14.)

The inv~tigation to determine a correction for drag
has not been conclusive. The tests completed up to

the present time, however, indicate that the drag
resuhs are about 10 percent. higher than expected.
There are no theoretical corrections for the drag
(reference II) except for a symmetrical body at zero
lift. No corrections for the apparent tunnel effect
were applied to the drag data. Since any correction
would presumably be about the same for any of the
airfoil-flap arrangement at given lift coefficients, the
relative merits of the various combinations should not
be markedly affected by a drag correction, All the
drag data have been corrected in accordance with
reference 14 by a constant ACdOof —0.0008 so as to

apply at an effective Reynolds Number of 3,500,000,
Tests to determine tunnel corrections showed that

the pitching-moment coefficients required no correc-
tion within the experimental accuracy of the tests.

PLAIN N. L CLA. 23012AIRFOIL

The section aerodynamic chnmcteristics of the plain
N. A. C. A. 23012 airfoil, M determined in the two-
dimensional-flow installation, are shown in figure 7.
The polar is in good agreement With a generalized polar
for the N. A. C. A. airfoils given in reference 14. Tho
minimum profile drag is, however, about 10 peroent
higher than the minimum profile drag of the same mir-
foil section for the same effective Reynolds Number.
This difference is not ocmsidered serious, and some con-
templated additional tunnel-eflect tests will prol)ably
furnish information as” to the indicated diflcrencos.
Thg ‘pitohing-rnom&t coefficient about tho aerody-
namic center cheeks the pitching-moment coefficient
given in ‘reference 14 for the samq effective Reynolds
Number. The slope of the lift curvo &Jda is 0,107
from the present tests, as compared with 0.098 from
the results for idlnite aspect ratio of tests of models of
finite aspeot ratio given in refererwe 14, This difierenco
in lift-curve. slope, although not yet adequately ex-
plained, should not affect the ralative merits of the test
resulis of the flap combinations proscntod in this report.
The angle of zero lift, within the experimental accuracy
Df the tests, agrees with the angle of zero lift as deter-
mined by other tests (reference 14).

FLAPSFORCOMPARISONWITHSLOTTEDARRANGEMENT

Split flap,-The section aerodynamic characteristics
of the N. A. C. A. 23012 airfoil with a 0,20c split flap
me shown in figure 8. The lift curves have about the
~ame: slope as that of the plain airfoil. The anglo of
~ttack for maximum lift decreases from about 15° with
the flap neutral to 14° with the flap down 45°. With the
flap down 60° cm 75°, however, the angle of maximum
lift is onIy about 12°, a ohange of 3° from the plain
B.irfod. A change of this magnitude in the angle of
Bttack for maximum lift may have considerable efTect
cm the manner in which a wing stalls for combinations
with partial-span split flaps.



AN N. A. C. A. 2~012 ~FOIL WITH SLOTTED FL4PS 429

4 1 1 I 1 1 11 1 1 1 I I

.- —

—

~aum S.-E!@Ionnerodnhunkchnrack?ristfosof N. A. C. A. 2SOlZalrfoflwith a O-WsPIItfiP.



430 REPORT NO. 664—NATIONAL ADVISORY CbtiMITlM3E- FOR AERONAUTICS

o

16

$8
-Q

i
~-

20
-5
~

<
Cn
* -8

-~64
o .4 .8 L2 :“ /.6 2.0 2.4

Sec7’icmLYfcoefficientc,

FIQUBE9.-SeotioII aerodynarnhoharaoterfsticg0[ N. A. O. A. ‘28012alrfofiw!th a 0.2&pialn flap.



AN N. A. C. A. 23012 AIRFOIL WITH SLO!M!ED FIAPS 4-31

0

16

.

. . . . ..—>

i.-
-.

,.. -

. ....

. .

- “-
.-.. .

..

FIOUEElo.-%ct[on aarodyaaraiccharacterlstkaof N. A. Cl.k W’I’2airfoilwith a O.W?%N. A. G. A. !iWUZexb3m&aMoUtip.



432 REPORT NO. 664—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

1

v-u--Li-r - - - -

of 1

d:!.

.-. ..—

.-

—.

FIQUEX11.+wt.lon aerodynamhcharacMristi of N. A. (?.A. W12 akfoUwith a 0.%a67cwN. A, C!.A, W312Fowloxflap.



AN N. A. C. A. 23012 ADLFOIL WITH SLOTTED FIu4PS 433

The increment of maximum lift coticient for a
given flap deflection is from 4 to 10 percent larger than
the increment obtained in previous tests of a model of
finite span at a much lower Reynolds Number (reference
15). The increases may be almost entirely accounted
for by the difference in span loadings because the
reference teste were made with a rectrmgular airfofl
in threedimensional flow. hcremente of maximum
lift coefficient of an airfoil with a split flap may be
considered to be practically independent of Reynolds
hTumber. The increment of -m profile-drag
coefficient for a given flap deflection for these teste is
about 10 percent greater than for the tests of reference
15. The pitching-moment coefficients from the t-ivo-
dimensional-flow tests are in good agreement with the
pitching-moment coefficide given in reference 15 for
the same flap deflections.

Plain flap,-The section aerodynamic characteristics
of the LT.A. C. A. 23012 airfoil with a 0.20c plain flap
are shown in @re 9. Comparison of these results with
the plain-flap results of refermce 15 shows about the
same differences that were observed for the split flap.
The section hinge-moment coeflkients given in figure 9
are of about the same magnitude m hinge-moment
coefficients of a 0.20c plain flap on a Clark Y airfoil
(reference 15). It should be noted that the charac-

kistics for the plain flap with both up and down
deflections are usefd for the estimation of aileron as
vmll as flap effects.

External-airfoil flap.-The section aerodynamic char-
acteristics of the N. A. C. A. 23012 airfoil with an
N. A. C. A. 23012 external-airfoil flap are given in
figure 10. The relative merits of this flap arrangement
are about the same as a similar arrangement tested in
three-dimensional flow (reference 2) at the same effec-
tive Reynolds Number. Peculiarities in the curves of
lift, profile drag, and pitching moment at the high
flap deflections seem ta be characteristic of this type of
flap and probably indicate a marked change in flow
pattern around the combination. As pointed out in
reference 2, the pitching-moment coe.tlicients with this
type of flap are higher than with the split or plain flaps.

Fowler flap,-The section aerodymmnic character-
istics of the N. A. C. A. 23012 airfoil with an N. A. C. A.
23o12 FOWLW flap are given in &re 1I. The data for
the model with the Fowler flap fully retracted included
on this figure are taken from the tests at 80 mi.k?a per
hour. These results are in good agreement with pre-
vious rewdts of tests of Fowler ffaps. (See references 4
and 16,) The large pitching-moment coefficients ob-
tained with this flap may, in a large measure, afTect its
use for a particular design. It is of interwt to note that,
with the flap fully retracted, there is no measurable
increase in profle drag over that of the plain wing @g. 7)
for lift coefEciente (cJ below 0.8 but there is a loss of

about 0.05 in maximum lift coefficient. The angle of
attack for maximum lift with the &p set at 30° is only
10°, which is a decrease of 5° when compared with that
for the plain wing. This decrease is greater than that
for any of the other flap arrangements.

PR~ARY TESm ORSLOTTEDmAPS

A preliminary investigation was conducted of the
HandIey Page slotted flap, designated flap 1, and of
four slot shapes, the combinations being designated
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l–a, l–b, 1-o, and l-e (fig. 4), For this part of the
investigation, the axis about which the flap was de-
flected was determined from the data of reference 8.

Effect of slot shape on maximum lift.-The maximum
lift coellici~ts c~= are plotted against flap deflection Jf

in figure 12 for the severaI slot shapes. These data
&ow that extending the lip of the slot so that the slot
is seakd at the exit when the flap is neutral (shape l-b)
gave an increase of 4 percent in maximum lift coefficient
vrer shape l–a, Increasing the slot-entry angle (shape
l-c) caused a very slight decrease in maximum lift
:oefEcient. A further change in slot shape to close the
zap through the airfoil with the flap neutral (shape l-e)
iiecreased the maximum lift coefEcient 11 percent from
the value obtained with sIotted flap l–b.

—

,.

..

,.:.
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Effeot of slot shape on profile drag.-A comparison coefficient for take-off with a. good sIotted ffap scorns to
of the envelope pohrs for sIotted flaps l–a and l-b be around 2.5; therefore, it is important to have as 10IV

(fig. 13) shows that, for both high lift and low drag, a pro~e drag as possible at these high lift coefficients.
slotted flap l–b is superior. The higher drag of arrange It is probable that the lower drag of slotted flap 1-b at

.Zo

I ! ! ! ! i ..— —— ——
1 1 I I 1 I 1 I t L

$ i6 I I I II 1,, ,, I 1 I I I I I l\ 1%
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ment l-a in the
accounted for by
the flap neutral,
of presentday la

E“lw-i-i-t I ‘------” ---r!0.535:+-+++

Fmmw 13.—Comparlsonofs[ott~ tlaps l-a and l-b.

FIGURE14.—OomParkwssof dOtt.9dSW l-b and I-o.

low-lift (high-speed) range can be the higher lift coefficients may be accounted for by the
the open slot through the airfoil with better shape of this slot lip, which directs the air down-
With the wing and the power loadings ward over the flap and prevents it from stalling at the

lrge transport airplanes, the bwt lift higher flap deflections. There is no appreciable dif -
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femnce in drag between slotted flaps l–b and l-c up to &location was used. The profile drag was also among
lift coefficients of about 2,5 (fig, 14). Because of the the lowest. & inspection of the curves of ~ against
lower maximum lift of slotted flap l-e, the drag data CZin figure 15 shows that the slope of the lift curves is
for it were not obtained. Other tests of sIotted flap l-e practically unaffected by flap deflection except for the
wiU be discussed later. very large values. As previously mentioned, compari-

(8) b-w.

(C)3P=3(F.

. . .

(

(d) dr=40°.

w at-w. m at-w.

FIGURE18.-Contaura of!laplwatlon fm Cl . SIottd !@ l-b.m..

Complete data on slotted flap I–b,—The complete

section aerodynamic characteristics of the N. A. C. A.
23012 airfoil with slotted flap l–b deflected downward
various amounta are given in figure 15. This flap ar-
rangement gave the highast lift. coefficient of any of the
four arrangements for which the Hanci!ey Page flxed-

son of the c~o ,n with the flap neutral }vith the c% of
m mfm

the plain wing (fig, 7) shows that there is a diflorenc; of
about 0.001, The greater part of this increase in drag is
caused by the flap hinge fittings; the remaining Ac% is

due to the break in the lower surface of the airfoil
caused by tie slot and will be discussed later.
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The pitching-moment coeflkiente for this flap arrange-
ment are about the same as for the externahirfoiI flap.
A small change between the pitching-moment coeffi-
cients for the flap unreflected (&=OO) and for the plain
airfoil (fig. 7) may be attributed to a slight downward
deflection of the slotted flap. The hinge-moment co-
cdkienti are about one-half as great as those for the
plain flap (fig. 9) because the hinge-axis location for
the slotted flap was designed to give partial bakmce.

DETE~N~ATIONOF OPTIMUMSLOTTED-FLAPARRANGEMENT
FOR MAXIMUM LIFT

The data presented in this section are the resrdts of
the maximum-lift investigation of the various flap-and-
slot combinations in which the flap, at a given deflec-
tion, was located at points over a considerable area
with respect to the main airfoil. The data are presented
as contours of the position of the nose point of the flap
for a given lift coefficient. The nose point of the flap is
defined as the point of tangency of a Iine drawn per-
pendicular to the airfoiI chord and tangent to the lead-
ing-edge arc of the flap when neutral.

Slotted flap I,—Contours of flap location for maxi-
mum lift coefficient for a given flap angle are given in
tlgu.re 16 for flap l-b. At 10” flap deflection (fig. 16
(a)), the area of flap positions covered was not sufE-
cient to dehe the optimum position. The highest
Ckd= is, however, 19 percent higher than it -was for
flap l–b at 10° deflection about the predetermined axis
kmtion (fig. 16). It appears that a large gap between
wing and flap is de&able for low flap deflections from
considerations of maximum lift. At 200 flap deflection
(fig. 16 (b)), the optimum position of the nose of the
flap is 4 percent below and 2 percent ahead of the slot
Iip. In this position, the maximum lift is 10 percent
higher than it was for the combination given in @ure
15. At 30° defieotion (fig. 16 (c)), the optimum posi-
tion of the flap for msximum liftisslightly above the
position for the 20° deflection. The maximum lift is 3
percent higher with the flap in the optimum position at
this deflection than it -was for the same deflection about
the predetermined axis location (fig. 15). The optimum
position of the flap for deflections up to 300 probably
should be chosen from a consideration of the drag. coef&
cients rather tbm the m-aximum lift coefficient because
the take+ff distance of an airplane may be decreased
by depressing the flap. It ia therefore desirable that
the drag coefficient be a minimum for a given lift coe%i-
cient corresponding to the lift coeftlcient for best climb.
With the flap deflected 40° and 50° (Qqs. 16 (d) and
(e)), the maximum Iift coefficient ia about the same as
for the same deflections about the predetermined axis
location (fig. 15). The optimum positions of the nose
point of the flap for these deflections are, respectively,
about 2.5 percent below and 0.5 percent ahead of the
slot lip and 1.75 percent below and 0.5 percent ahead of
the slot Iip. For the 60° flap deflection (fig. 16 (f)),
the maximum lift coefficient is about 4 percent higher

~{~l*+c_~

than for the same deflection about the predetermined
axis location (fig. 15). The optimum position of the
nose point of the flap for this deflection is about 1 per-
cent below the slot lip.

The contours of figure 16 show that, for andl flap
deflections, the optimum position of the flap for maxi-
mum lift coefficient is much leas critical than it is for
the larger flap deflections. It is also evident that there
is a considerable loss in Iift coticient if the nose of the
flap is moved back of the slot lip. These results are in
agreement with previous tests of exterrml-airfoil and
Fowler flaps. The highest maximum lift coefficient

-.

Flap deflecfkrr,cff,deq

FIGURE17.—Effec~ofslot~ntry radios on c1
w“

—was obtained with the nose cd the flap directly under
the sIot lip ml with a gap between the flap ncae and
the aIot lip of about lx percent of the wing chord.

Because of a possible hazard from icing of large
openings in the surface of a wing, flap 1 was also tested
using slot shape e, with the flap in the best position
for maximum lift coeKicient from the tests of shape b.
The results of these tests are given in figure 17 as plots
of maximum lift coefficient against flap deflection.
The effect of rounding the slot entry on maximuni lift ““
coefllcient is also shown in this figure. The maximum
lift coefhcient of slotted flap l-e from these tests is
about 8 percent higher than it was for this combina-
tion with the flap deflected about the predetermined
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axk location (fig, 12). With the slot entry rounded b
a radius 2 percent of the wing chord (slotted flap l-eJ,
the maximum lift coefficient is about the same as it
was for elottid flap l-b (fig, 16 (f)). A fw.ther rounding
of the slot-entry to a 4-percen&chord radius had a
detrimental effect on the maximum Iift. It appears
from these results that the shape of the slot is not

... ... ..........-
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percent wing chod
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(e) #f-w.

bination with flap l-b, which accounts for the increases
in lift. The best positions for the nose of flap 2-h rela-
tive to the slot lip are practically the same as for flap
l–b.

The contours showing the maximum lift coefficients
for the various deflections of slotted flap 2-i are given
in figure 19. This arrangement is inferior to both l-b

o

1
—-—--. ..-..-

(b) 4

. .. .

FIGUZZIS.-Coutours offlapIct?ntlonforc, . Slotti flapz+,---

critical for maximum lift provided that the flap is
located properly with respect to the slot lip.

Slotted flap $?.-The contours showing mmimurn lift
coefficients for the various deflections of slotted flap
2-h are given in ii.gure 18. This combination giva a

higher lift coefhient at each deflection than was ob-
tained at the corresponding flap deflections with flap
I-b (fig. 16). The totrd projected area of flap 2-h
and the main airfoil is greater than the area of the com-

fll) +%!Y.

(d) Jf-40”.

-..
and 2-h throughout the completa range of flap defle~
tions. The maximum lift coefficient was obtained with
the flap defleoted 60°, which is 10° greater than for
either flap l-b or flap 2–h. The maximum lift coefllciont
with flap 2-i is about the same as it was for flap l-eg (fig,
17), a comparab~e arrangement. The position of the
flap nose for maximum lift coefficient for this arrtmge-
ment is only about 0.5 percent of the chord below and
about 0.25 percent back of the slot lip.
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Slotted flap 3.—Contours of the flap-nose position
for the maximum hft coefficients of slotted flaps 3-f
and 3-g are given in figures 20 and 21, respectively.
Both of these flaps me inferior to all the other slotted-
flap combinations tested, and both have about the same
maximum lift coefficient. NO &ts WEWemade at
the small flap deflections because of the inferiority of
the flaps at the large flap deflections. The nose shape
of this flap is probably too blunt to obtain a satisfactory
flow of the air over the upper surface of the flap.

V
\
“/
‘\,,

\

EFFECT ON PROFILE DRAGOF BBEAKM AIRFOILSURFACE
DUE TO SLOT

The increment of prdle drag AC~Ocaused by the

breaks in the airfoiI surface at the flap are plotted in
figure 22. These data -were obtained by making tats
with the flap undeikcted both with and without the
breaks in the surface. (The breaks in the surface were
sealed with plasticize for the tests without the breaks.)
The curves given in figure 22 are diflerencea between
faired curves through the test points for the individual
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tests. Slotted flap l–a, which has an open slot through gave a Ac~Oof 0.0004, which inoreased to 0.0009 at the
the airfoil with the flap unreflected, gave the largest higher lift coe.flicients. Slotted flaps I–eg and 2-i
increment of profile-d~~ coefficient for all lift coefficients are the next in order giving, at zero lift, a AC60of 0.0003
Up to 0.60. At the higher lift coefficients, the ActiOde- increming nearly to 0.0008 at the higher lift coefllcicnts.
creases probably because of some boundary-layer con- Slotted flap 1+ gave a Acidof about 0.0001 for the low-

“K./
....

“\

(a) df=4a0. (b) 6!-46°.

Y. \
\\p

(o) Lrl-bw. (d) J/M&Jo.
FIGUREZO.-Conbmrsor floplocmionforcl-”, SlottedHap%[.

\ “’., \

(n) 6/-s7. (h) J/-M”.
FIQUUE21.-ContmJraofRaphxatfon forc1 . Slottedanp g-g.

M,

trol from the air ejected on the upper surface of the
‘kifioii. The Ac% for sIotted flaps l–b and 2-h in-

creased from about 0.0008 at ‘zefo lift to about 0.0013
at a lift coefficient of 1.0. At zero lift, slotted flap I–el

lift condition, which increased nerdy to 0.0003 at u lift
coticient of about 0.5cI and then decreased to zero at
higher lift coefficients. Slotted flup l-o showed no
increase in profile drag. It should bo pointed out
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that a AC~Oless than 0.0003 is too small to measure

definitely because such a small value is within the
experimental accuracy of the tests.

DETERMINATIONOF TEE OPTIMUM SLOTTED-HAP
ARRANGEMENT FOR PROFILE DRAG

The results presented in this section are intended to
aid in the determination of the optimum positions of
the several slotted flaps for take-off and chnb from
considerations of low drag. The best take-d and
climb to clear a spectied height in the shortest hori-
zontal distance will be the lowest drag coefficient at the
lift coefficients corresponding to take-off and climb.
The data are therefore given as contours of the nose
position of the flap for constant drag coefficients at
certain seIected lift coefficients that cover the ramge
for which the drag coefficient is decreased by deflecting
the flap. The data previously presented show that, for
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Lift coef3icient5 of 1.0 or kss, the drag is lowest withthe
flap unreflected.

Slotted iiap I.—The contours of the position of the
nose point of dotted flap l–b for constant c~Ome given

in figure 23. The best position for this flaq at a lift
coefficient of 1.5 (@. 23 (a)) is with the nose point of
the flap 5 percent of the chord beIow and 4 percent of
the chord ahead of the slot lip. The minimum profile-
drag coefficient is 0.027, and the position for drag
coefficients up to 0.028 is not very oritic.al. At a lift
coefficient of 2.0 (fig. 23 (b)), the best position is about
1 percent above and much more critical than the beat
pcsition for a lift coefficient of 1.5. The minimum
profile-drag coefficient is 0.046 with the flap in the best
position at a lift coefficient of 2.0. The optimum
position of the nose of the flap, for minimum drag at a.
lift coefficient of 2.5 (fig. 23 (c)), is 2.5 percent below
and 2.5 percent of the chord ahead of the slot Iip.
The minimum profile-drag coefficient, when the flap
is in this position, is 0.096 and the position for the low
drag is very much more critical than at the lovwr lift
coefficients. The flap angles for minimum pro61e

drag at c,= 1.5, 2.0, and 2.5 are, respectively, about
15°, 22°, and 30°.

No detailed surveys were made with sl@ted flap l-e,
but the effect on c~Oof rounding the slot entry is shown

in figure 24 as a-velope yolars. Rounding the slot
entry with a radius 2 percent of the wing chord gives

(a) CP 1.6.

(b) CI-2.O.

(C)CI-25

FIGURE23.-Contours offlaplocationkmc
%

Sfottedflap I-b.

values of the Iift

is increased to 4

a considerable decrease in cdOat all

coefficient. When the entry radius
percent of the wing chord, however, there is no further
decrease in cd, but a considerable increase at the high

lift coefhcient.s. The best arrangement of slot shape
e, slotted flap 1-cA,is inferior to slotted flap l–b through-
out the complete range of flap deflections.

-.

.-
.-

..”
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Slotted flap 2.—The contours of the position of the
nose point of slotted flap 2–h for constant c% are given

in figure 25, At CJ=l.5 (@. 25 (a)), the minimum
profile-drag coefficient is about 4 percent less than it
was for slotted flap l–b. The position of the flap
nose for the minimum profile-drag coefficient ia not very
critical and the teats did not cover a sufficient area to
C1OSSany of the contmum For CJ=2.0 (fig. 25 (b)),
the minimum profile-drag coefficient is about 8 percent

ceding comparison of slotted flap l-b and 2-h shows
arrangement 2–h to be superior throughout, probably
because of the better nose shape of the flap.

The contours of the position of the nose point of
sIotted flap 2+ for given profile-drag coefficients are
ehowm in figure 26. A comparison of them contours
with those for sIotted flap l-b (fig. 23) and 2-h (fig. 25)
shows flap 2-i to be inferior to both of the others through-
out the lift range. It is therefore apparently necessary
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lower than for slotted flap l–b. The contours are not
closed for this lift coefficient and the position for mini-
mum profile drag is again not very critical, The
contours of profile-drag coefficient at C1=2.5 (fig, 25
(c)) show the minimum to be 25 percent less than it was
for slotted flap l–b. The position of the flap nose for
minimum profle drag is critical at about 3.5 percent
below and 3.o percent of the wing chord ahead of the
slot lip. There is, however, a second region of low
drag farther ahead and closer to the slot upper bound-
ary for which the contours are not closed. The pre-

that the slot have an easy entry in order to have low
drag together with high lift.

EFPECTS Or SLOTTED FLAP WITH SPLIT PLAP

Effect on maximum lift,-The effect on cl~~z of the

addition of a 0,05c split flap, deflected downward 60°,
to slotted flap l–b is shown in figure 27. This compari-
son was made with the alotted flnp hinged in such a
way that it was in the optimum position for the maxi-
mum lift coefficient when deflected downward 00°
without the split flap. The increase in maximum lift
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coefficient for small deflections of the combination is
quite large. The maximum lift coefficient with the
combination down 25° is the same as it is with slotted
flap l–b tdone down 50°. The maximum lift mefficien~
with the combination down 50° is, however, only 2 per-
cent higher than for the slotted flap alone in its opti-

Percenf wiq chord

(R) c[-I.6.

(h) C,-21!

(c)C1=2.6.

Fmcum‘2s.-Contoursof5rI lwatlon forCi; Sbtted fkw2-h.

mum position. It ia possible, however, that highm
maximum Iift coefkients may be obtained by a more
comprehensive investigation.

Effect on proffle drag.-The effect on cdO of the

addition of ‘the split flap to slotted flap l–b is shown ir
@ure 28 by envelope polars. The combtiation k

@her drag than the slotted flap alone for lift coefficients
ass than 2.2. It ia potible, however, that lower draga
:ould be obtained by using smaller deflections of the
}plit flap at the smaller defkotions of the slotted flap.
l%e combination has a lower drag than the slotted flap
done at lift coefficients above 2.2. These results indi-

..-

.,.

—

%cenf winq chord

(8)IX-1.6.

(b) Cl-z.&

(c)
4 z

Percenf wing chor

(c) C1-2.5.

Frmrm 2&—ContonmoffkmIceatlonforc,,. slott~ fff@~.

cate that multiple-slot flaps might be developed which
would be superior, horn considerations of low drag for
take-off and high lift for hmiing, to any of the slotted
flaps inv~tigated. Further invdigation is recom-
mended of multiple-sJot flaps and of slotted flaps in
combination with plain and with split flaps.
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OPTIMUM ARRANGEMENT OF &LOl”TEDFLAP

The optimum flap mrangement was chosen on the
basis of minimum pro fle-drag coefficient at a given
lift coefficient for lift coefficients less than 2.5 and of
maximum lift coefhcient for the larger flap Affections.
On this basis, slotted flap 2-h was superior ta any of
the other flap combinations tested. The data for
slotted flap 2-h, when moved along the optimum path
shown, are given in figure 29; Flap-load and moment
data from pr-ure-distribution tests vII be. ava.dable
for this combination at a later date.

COMPARISONOF FIVE TYPES OF FLAP

Effeot on maximum lift,—licrements of maximum
lift ooefEcient AclMz are plotted in @e 30 against flap

deflection b ahow how the effect of flap deflection
upon maximum lift varies with the five types of flap
tested; namely, split; plain, external-airfoil, Fowler,
and sIotted flap 2-h. All coefficients are, of course,
based on arm with the flap neutral and the increments,
except for the external-airfoil flap, are taken from the
elm==of the plain wing.

It. is evident that the two slotted typm which give
increased area in the deflectad positions give the
highest maximum-lift increments. The values for
dotted flap >h are somewhat lower than for the
Fowler flap. The Fowler flap, however, may be con-
sidered as a spec.itd case of the slotted flap in which the
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lip of the slot is extended to the trading edge of the
basic airfoil. The flap is therefore moved through a
greater distaace when extended and deflected and,
consequently, gives more lift because of the greater
lifting surface exposed to the air. Slotted flaps could
be developed with the aIot Iip terminated at any point
between the location for slotted flap 2-h, or farther
forward, and the trailing edge of the airfoil, These
slotted flaps would be expected to give cl~~Zincreases

corresponding to the increased airfoil area.
Effeot on profile drag. —The eflect on c~Oof the five

typw of flap is ahown in figure 31 by envelope polam,
The five types of flap have about the same profile-drag
coefllcienta for lift coefficients less than 0.90. The
airfoiI with sIotted flap 2-h has the lowest protie drag
for lift coefficients from about 1.0 to 1.7. The airfoil
with the Fowler flap is somewhat better than slotted
flap 2-h sa regards low pmfle drag at Iift coefficients
greater than 1,7. Here again it is probable that a
slotted flap with a greater lip extension could be
developed to give an even 10WEWdrag at high lift
Coe%l.cients.

When the horizontal distance to hnd over a given
obstacle is restrictd, if a high drag tagether with a high
lift is desirable, slotted flap 2-h is superior to the four
other typw of flap tested.
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IL TESTS LY VARIABLE-DENSITY WIND
TUNNEL

APPARATUS AND TESTS

The variabledensity wind tunnel is described in
reference 17, except that an automatic electric bakmce
has been instaIIed to measure force coefficients. The
precision is discussed in references 14 and 18.

The basic airfoil was made of duralumin to the
N. A. C, A. 23012 proiile. The 25.66-percent-chord
slot ted flap was buih of brass to the ordinates giwn for
flap 2 in table II. The shape of the slot and the posi-

1

/t

I “2W.001 c
1- Z999C ~

Zt?”

i=-../36c
.30”

FIwrtE ~.-s%?tfons ofairfo!lwith 0.2EWalottadflap 2-h.

tions of the flap for the various flap deflections (dr) are
shown in figure 32. In the investigation made in the 7-
by 10-foot tumd, these positions were selected as the
optimum, the criterion being low drag in the lift rmge
below a value of 2.5 and high maximum lift above this
range.

The flap was attached to the wing by five small
steel brackets; a different set of brackets was made for
each flap position because the position was dekrmined
by the size and the shape of the brackets.

The 60-percent-chord plain flap (fig. 33) was budt by
cutting the wing at the40-percent station andconneoting
the two parts by a narrow flexible plate flush with the

lower surface. When the flap was deflected, the V-
&ape groove formed on the upper surface at the 40-
percent point was fled with plaster of paris, forming
a fair and rounded juncture.

The lift, the drag, and the pitching moment were
measured from below zero lift to beyond maximum lift
at an effective Reynolds Number of about 8,000,000.
The lift in the region of muzinmm lift was also measured
at an effective Reynolds Number of about 3,800,000.
The measurements were made at flap settings of 0°,

4.20”--+-

-\ 30°

~ ““”‘“
\“40”

FIGUBEK+E.%tfonaof afrfollwith O.tWcPlafnflap deflenhd1%and 0.2M8cslotted
flap2-h.

20°, 30°, 40°, and 50°. In addition, at flap settings of
30° and 40°, the ReynoIds Number range from 900,000
to 8,000,000 was covered.

The sIotted flap was alsa tested at deflections of
20°, 30°, and 40° in combination with the 60-percent-
chord plain flap deflected 12°.

RESULTS AND DE3CUSSION

PRESENTATION

The results are presented as a series of lift curves for
a rectsmgular wing of aspect ratio 6 in figure 34; the
two groups of curves in the figure correspond to the two
Reynolds Numbers at which all the testE were run.

The section characteristics, indicated by lower-case
lettere and presented in figures 35 and 36, were worked
up as explained in reference 18.

MAXIMUMLIFT

The lift reaches a maximum at a flap deflection of
40° (fig. 34). The variation with Reynolds Number is
shown in figure 37. The maximum lift increases with
Reynolds Number but appears to be leveling off at the
end of the Reynolds hTumber range tested (about
8,000,000}. The results of tests in the 7- by 10-foot
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wind tunnel are also shown on the figure and the
agreement with the variabledensity-tunnel results, for
the two points shown, is good. It will be noted that
the increment of maximum lift ia nearly constant over
the range tested. A comparison of these results with
those of references 2 and 19 shows that; tit. a Reynolds
Number of 8,000,000, the slotted flap can reach a maxi-
mum lift coefficient of 2.86 ti .cornpwd with 2.64 for

had practically no effect on the drag. If the dot is
perfec~y sealed when the flap is neutrrd, a decrcaso of
the nummum drag of the order of 15 percent may
accordingly be expected.

The drag of the wing at high lifts, with slotted flap
2–h deflected to its most favorable position at each
lift coefllcient, is irdudcd in figure 39. This curve,
which may be tailed a profile-dreg envelope polar, is

-32 -24 +6 -B .0 8 /6 24 32 0 8 /6 24 32
Ang/e of o+fcrck,d, deg.

Fmrnrx M.–LUt agfdne.tangle of attack for N. A. C, A, ~12 alrfoifwith 0.2S06cslotted IlapS+, reolnngulfuwing,m~ct MO I).

the sptit flap, 2.39 for the plain flap, and 2.37 for the
external-airfoil flap.

The deflection of the 0.60c plain flap had only a minor
effect on either the maximum lift or the shape of the Iift
curve near the maximum (fig. 34).

PROFILE DBAG

The wing with the sIotted flap in the neutral position
had 16 percent higher minimum drag than the plain
airfoil, as shown in @ure 38. In order to find out to
what extent this drag increment codd be reduced by
preventing flow through the algt, tests ware made with
the upper slot closed. The closing of the slot exit

.

the envelope of all the polars for the wing with all flap
settings. A series of such curves for various flap types
and arrangement ts shows the relative merit of each type
for such an item of performance as take-d where,
other things being equal, lower drag at high lift coelll-
cients is advantageous. Such a series of curves (fig.
39) shows the 02.566c slotted flap 2-h to be definitely
superior to the 0.20c plain and split flaps, aa was also
shown by the 7- by 10-foot tunnel tests. Slotted flap
2–h is also slight] y superior to the extend-airfoil flap
on the basis of low drag find is grently superior to it on
the basis of maximum lift. The data for these other
flap arrangements are tuken from references 2 and 19.
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Sect!m /if~ coefficient,c1

-SectionaerodynamiccharnetwkdcsofN. A. C. A.%.U2afrfollwith 0.2WCdotted fip !kh and the O.I?&plain flap defleaki lY. EffactfreRe}
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Thepkhhg-moment coefficient increased with flap
deflection up to 40°. The pitohing moment for the
same deflection is greater than that of the plain and
the split flaps but, when the comparison is made on the
basis of deflections giwing the same Iift at the same angle

Fmwmr37.-Scnleeffectoncl- forN. L O.A.2931’2akfollwith end withoutO.M&k
dotted ikp 2-h.

of attack, the pitching moments are the same for all
three flaps.

Section/ift coefficient,Q

Fxourm2S–EReet of clot openingon prde drag ofN.A. 0. A. 23012airfoilwith
slotted 5p >h neutral. Efleethe ReynoldsNumber, appmxh.netelYS#U@M.
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CONCLUSIONS

1, The optimum arrangement of the slotted flap
tested was superior ta the split, the plain, and the
exterrd-airfoil types of flap compared on the basis of
maximum lift coefficient, 10W.drag at moderab and at
high lift coefEciente, and high drag at high lif~ coeffi-
cients. The slotted flap, however, gave slightly lower
maximum lift coefficients than the Fowler flap.

2. The increment of maximum lift due to the slotted
flap was found to be practicsly independent of the
Reynolds Number over the range investigated.

3, Openings in the lower surface of the airfoil for the
slotted flaps twted had a measurable effect on the drag
for high-speed flight conditions even when the slot was
smoothly faired to maintain the contour of the upper
surface and there was no air flow through the clot.

4. The slotted flap gave the highest maximum lift
coefficients when the nose of the flap was located
slightly ahead of and beIow the slot Iip and with a slot
lip that directed the air down over the flap.

5. The lowest profile drags at moderate lift coeffi-
cients were obtained by using a slotted flap with an
airfoil nose shape and with an easy entrance to the slot.

6.” It” appeam that still further improvement may be
obtained in lo\v. drag cha,racterietica at moderate and
high lift coefficients by the use of multiple flaps or by
slotted flaps with greater lip extensions.

LANGLEY MEMORIAL AERONAUT~CAL LABORATORY,

NATIONAL ADVISORY COMmTTEE FOB AERONAUTICS,

LANGLFIY l?IELD, VA., ~eb~a~ 1,%?,1938.

TABLE I

ORDINATES FOR AIRFOIL AND SLOT SHAPES

[Stationsand 01db18t.Mbl ~oent OfW@ @old]

N. A. C. A. 23Ci12Airfoil

-—
.. -.-—

z 07
3.61
4.01
6.80
6.48
7.19
7.60
7.00

?:
.9,41
6.47
4M
am
s:e$

.13

-: a
-L71
=;:

-z 92
-8. m
-2.97
-4. %
-4.46
-4.48
-4,17
-3. m
-L w
-2.16
-L%

:13
I

L. E. radiu 1.6S.stOP13 of
~.du throughend of ohord
. .

TABLE I—Continued

ORDINATES FOR AIRFOIL AND SLOT SHAPES-Cent,

SIot shape e I

II
Stdion.Ordinate

74W –o. 13
76.41
76.92 i!!
76.46
77.50 M

ZS7
R% 2.G7

Slot shapef

T

Stetton Ord!nate

74.69 -a M
76.41
75.08 i z
76,46 1.04
77.60 z 32

2.87
$! 2.97

2.72
L ..-.

Stetlon

74.42
7L 74
?&w
76.69
76,33
76,97
76.26

%3
82. OS
82. IM

.—

--lOrdbato

.........
–0. 22

. la

i!!
L46
Z@)
2.36
2. m
Z6S
2.60

J .-

TABLE II

ORDINATES FOR FLAP SHAPES

@tatfons and ordloetesIn percentofwfngchord]

Flap 1
,.

Lmrar
SUrfoca

-1.01
. . . . . .
-241
-z 43
-z 42
-?” 37
-. . ..-
-216
. . . . .
-1.22

::

Centor of L. E. are

0.72 -1.61

L. E. radluw 0.72
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TABLES II—Continued

ORDINATES FOR FLAP SHAPES-Continuad

map 2

ij

Stnth E%& %%:

o –L20 –L 29
.40 –.82 ~;:
.n .04

-236
;: ifi -s. u
264 L40 -2.4f
a 02
s.20 i: :::.
h 64 ..i-E –2. 10
&4s ------
7.76 26s ---—

26s ------
It E %46 ----
I&C.8 Lm –L22

-. m
2%’ :% -.IS

Cknterof L. E. arc

a 91 -L 29

L. E. radius: 0.91
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